Background: This study evaluates the quantitative assessment of persistent organochorine pesticide (OCPs) residues in vegetables (Senecio biafrae) from four selected cocoa plantations in Ekiti State, Nigeria. Methods: The pesticides were extracted from the vegetable samples by using USEPA 3500C method and later clean-up on activated silica gel. The pesticides residues in the samples were determined using Gas Chromatography coupled with Electron Capture Detector (GC-ECD). Results: The results showed that the analyzed samples were contaminated with ten OCPs. The mean OCPs concentration ranged from ND-0.399 mg/kg to ND-0.379 mg/kg during the wet and dry seasons respectively. α-BHC, β-BHC, p, p'-DDE, dieldrin, endrin, endosulfan sulphate and methoxychlor were not detected in the samples. Pesticides such as aldrin, endosulfan II, endrin aldehyde and heptachlor slightly exceeded their maximum residue limit. Conclusion: The hazard indices (HI) of heptachlor, endosulfan I, endosulfan II, aldrin, heptachlor-epoxide and p, p'-DDT exceeded 1 and thus pose likely potential non-carcinogenic health risk.
Journal of Agricultural Chemistry and Environment in daily diet [3] . Vegetables are the second major food group consumed after cereals and their products in West Africa [4] . In Nigeria, leafy vegetables are relatively available and affordable particularly in rainy season [5] .
Senecio biafrae (locally called "Wórowo" in Yoruba language) is a leafy vegetable grown in large quantity as undercover in tree crop plantation. The nutritional quality of Senecio biafrae has been reported by Dairo and Adanlawo [6] . It is a wild climber that twines on woody plants. It is indigenous to West Africa and mostly found within cocoa farms in South-western Nigeria. Insect pests and diseases pose a major challenge to the production of crop including cocoa, resulting in adverse consequences of the economy [7] , particularly food insecurity.
During dry season, Senecio biafrae is susceptible to variegated locusts (Zonocerus variegatus) and green aphid between January and April [8] . However, in response to these seasonal problems, many farmers make use of pesticides in an attempt to reduce the evasion of insect pests and diseases on crop; an excess amount of pesticides including organochlorines are sometimes applied on farms.
The excessive use of these pesticides has resulted in the presence of pesticide residues in the cocoa farm produce [9] .
Organochlorine pesticides (OCPs) are commonly used by farmers because of their cost effectiveness and their broad-spectrum activity [10] . However, their residues still appear as pollutants in food as well as the environment because of their high toxicity and persistent nature [10] [11] . They accumulate in the environment and food [12] and their accumulation is still a major concern. Research data available have indicated the presence of pesticide residues in vegetables [13] [14] [15] [16] . The consumption of these vegetables containing pesticide residues could constitute major health risk to consumers.
In response to the increase in the use of pesticides on crops globally and their health effects, there has been establishment of maximum residue limits by national and international food safety authorities for all foods. Exposure to low concentration of OCPs over a long period of time may lead to a substantial body burden of the chemicals [17] . OCPs are known to have a wide range of both acute and chronic health effect such as cancer, neurological damage and birth defects. Many OCPs are also suspected as endocrine disruptors [18] . Therefore, this research is aimed at determining the multi-residue levels of OCPs in vegetables (Senecio biafrae) grown in selected cocoa farms in Ekiti State and, to ascertain if their residual levels are within the respective permissible level and also determine the associated possible potential human health risk to the consumers.
Materials and Methods

Sampling
The vegetable (Senecio biafrae) were sampled from four different cocoa plantations in Ise, Ire, Ido and Emure towns in Ekiti State, South-western Nigeria. In each collection, two to three different samples were randomly collected and combined to make a composite sample. Two composite vegetable samples were 
Extraction and Clean-Up of the Pesticide Residue
The extraction of organochlorine pesticides from the vegetable samples was carried out by EPA 3500C method as described by USEPA [19] . About 10 g of each sample and 10 g of anhydrous sodium sulphate were mixed in a pre-cleaned 250 ml conical flask. Forty millilitre (40 ml) mixtures of acetone and n-hexane (1:1 v/v) were added to the sample. This was followed by sonication in a high frequency ultrasonic bath for 15 min at 40˚C. The extract was then decanted into a round bottom flask. The extraction process was repeated with an additional 20 ml (acetone and n-hexane mixture), sonicated and allowed to settle before been decanted into the same round bottom flask. The combined extracts were concentrated to 2 ml using rotary evaporator. The extract was re-dissolved in 5 ml n-hexane and again concentrated to 2 ml in a rotary evaporator at 40˚C.
The clean-up involved the use of a column of about 15 cm (length) × 1 cm (internal diameter) packed with 2 g of activated silica gel and 1 g anhydrous Na 2 SO 4 .The column was conditioned with 15 ml n-hexane prior to the clean-up. The extracts were run through the column and eluted with 20 ml n-hexane and diethyl ether mixture (1:1 v/v). The eluate was concentrated to dryness on the rotary evaporator and recovered into 2 ml n-hexane. The final extract was transferred into vials for subsequent injection into the GC.
Gas Chromatographic Operating Condition
The gas chromatography conditions for the analysis were as follows: GC model: Agilent 7890A coupled with electron capture detector (GC-ECD); injector and detector temperature were 250˚C and 290˚C (held for 5 min); the purge activation time was 30 s; inlet mode: splitless with flow rate of 19.6 ml/min; carrier gas: nitrogen at 30 ml/min; inlet temperature: 250˚C; column type: DB-17 fused silica capillary column; column dimension: 30 m × 0.32 mm × 0.25 µm film thickness; oven condition: initial temperature at 60˚C for 1 minute and continued at 20˚C/min to 150˚C at 5˚C/min to 280˚C held for 4 min. The total run time was 22 min.
Risk Assessment
Health risk estimations were done based on the integration of pesticide analysis data, and exposure assumptions. The assumptions were made based on the United State Environmental Protection Agency's guidelines [20] . Journal of Agricultural Chemistry and Environment is the average body weight (kg) of the consumers; 30 and 60 kg for children and adult respectively [21] . The consumption rate for vegetables according to FAO [22] in Nigeria is 0.165 mg/kg/day.
The hazard index (HI) is a function of the estimated daily intake. To estimate the risk of non-carcinogenic effect on consumers, the hazard index was calculated by dividing the estimated daily intake (EDI) by their corresponding acceptable daily intake (ADI) as shown in Equation (2) . The available daily intake is a measure of the toxicity of a substance by long term and repeated ingestion. The available daily intakes (ADI) for the pesticide are shown in Table 3 [23] . An HI ˃ 1, indicates a non-carcinogenic risk [24] .
The combined hazard index (CHI) indicates the interactive and/or additive effects upon the exposure of two or more pollutants [25] . The US EPA [25] has been used to estimate risk posed by a group of pesticides that act by a common mechanism or that are toxicologically similar [26] . The combined hazard index is determined using Equation (3).
where, 1 2 , , n E E E and i E are the estimated daily intakes of each individual pesticide in a mixture of n pesticides in the food sample, whereas 1 2 , , n A A A and i A are the acceptable daily intakes (ADIs) for each pesticide [27] .
Results and Discussion
The Mean concentrations of OCPs residues in the vegetable samples from the selected cocoa plantations for both rainy and dry seasons were depicted in Table  1 and Table 2 respectively. The results showed that all the analyzed samples were contaminated with two or more pesticides with concentration ranges of ND-0.399 and ND-0.379 mg/kg for rainy and dry seasons respectively. Out of the seventeen considered OCPs, ten were found in the samples, where p, p'-DDT, heptachlor and aldrin remained most predominant pesticides. α-BHC, β-BHC, p, p'-DDE, dieldrin, endrin, endosulfan sulphate and methoxychlor were below detection limit in all the samples. Ire samples were observed to be more contaminated than other farms. Their high level of pesticides residues could be due to the age of the farm, the concentration of the pesticides as prepared by farmers, the level of OCPs in the soils, among many other factors. The results showed that 81.3% of the samples were contaminated with p, p'-DDT, followed by aldrin (75.0%); heptachlor, δ-BHC and endosulfan II (62.5%); endosulfan I, p, p'-DDD (37.5%); endrin aldehyde (18.8%) and heptachlor epoxide (12.5%). Few pesticides such as aldrin, endosulfan II, endrin aldehyde and heptachlor slightly exceeded their EU maximum residue limit [28] in the sampled vegetables. The Mean concentrations of aldrin reported in the study were found to be higher than those values reported by Bempah et al. [10] for vegetables in Ghana (0.008 -0.040 mg/kg), while mean values of γ-BHC and p, p'-DDT fell within the same range with Bempah et al. [10] . Endosulfans reported by Charan et al. [29] in vegetables from India were comparable with that of the present study.
To assess the risk of the pesticides contained in the vegetables on the consumers, estimated daily intake and hazard indices were calculated. Table 3 showed the estimated daily intake (EDI) and hazard indices (HI) of the OCPs residues from the selected cocoa farms in Ekiti State. The estimated daily intake values in bold exceeded their available daily intake (ADI) ( Table 3 ). In Ise, EDI of two 
Bold and italic number exceeded their available daily intake. C = Children; A = Adult; ADI = Available daily intake; EDI = Estimated daily intake. The combined health risks for the pesticides were shown in Table 4 . The combined health risks ranged from 15.8 to 54.1 and 7.91 to 27.2 for children and adult respectively. The total non-carcinogenic effect from the consumption of these vegetables is the sum of all the OCPs detected in the samples. The results thus suggested that the vegetable consumption in the study areas may pose potential non-carcinogenic health risks to consumers.
In this study, the risk assessment utilised the following assumptions regarding human exposure to the OCPs that the 1) sample (vegetable) was the only vegetable source, this assumption may overestimate health risks for vegetables as the only source of vegetables to the people in the area 2) concentrations of the pesticide remain unchanged during the whole exposure duration. This assumption could also lead to overestimation of potential risks contamination levels reduce over time. Therefore, the result of risk assessments should not be interpreted as accurate prediction of observed health outcomes, and it only provides means of screening for those pollutants that are of health significance, in order to prioritize research.
Conclusion
The study has provided the preliminary information on the levels of OCPs in vegetables (Senecio biafrae) from cocoa plantations in Ekiti State, South-western, Nigeria. The study not only confirmed the presence of pesticide residues in the samples, but also the levels of most residues which were generally above the EU maximum residue limits, suggesting that the vegetables were not totally safe for human consumption. Thus, there is need for regular and continuous monitoring of pesticide residues, especially in food that form a bulk of daily diet of many
